Cytotoxic activity of 2',2'-difluorodeoxycytidine, 5-aza-2'-deoxycytidine and cytosine arabinoside in cells transduced with deoxycytidine kinase gene.
Deoxycytidine nucleoside analogs must be first phosphorylated to become active anticancer drugs. The rate-limiting enzyme in this pathway is deoxycytidine kinase (dCK). Cells deficient in this enzyme are resistant to these analogs. To evaluate the potential of dCK to be used as suicide gene for deoxycytidine nucleoside analogs, we transduced both human A-549 lung carcinoma and murine NIH3T3 fibroblast cell lines with this gene. The dCK-transduced cells showed an increase in cytotoxicity to the analogs, cytosine arabinoside (ARA-C), and 5-aza-2'-deoxycytidine (5-AZA-CdR). Unexpectedly, the related analog, 2',2'-difluorodeoxycytidine (dFdC), was less cytotoxic to the dCK-transduced cells than the wild-type cells. For the A-549-dCK cells, the phosphorylation of dFdC by dCK was much greater than control cells. In accord with the elevated enzyme activity, we observed a 6-fold increased dFdC incorporation into DNA and a more pronounced inhibition of DNA synthesis in the A-549-dCK cells. In an attempt to clarify the mechanism of dFdC, we investigated its action on A549 and 3T3 cells transduced with both cytidine deaminase (CD) and dCK. We reported previously that overexpression of CD confers drug resistance to deoxycytidine analogs. In this study, when the CD-transduced cells were also transduced with dCK they became relatively more sensitive to dFdC. In addition, we observed that dFdU, the deaminated form of dFdC, was cytotoxic to the A-549-dCK cells, but not the wild-type cells. Our working hypothesis to explain these results is that the mitochondrial thymidine kinase (TK2), an enzyme reported to phosphorylate dFdC, acts as an important modulator of dFdC-induced cell toxicity. These findings may further clarify the action of dFdC and the mechanism by which it induces cell death.